
Technical assistance and e f f o r t s  had t o  be l a r g e l y  

d i v e r t e d  from human ene rge t i c s  t o  t h e  chemosynthesis- 

program, t o  secure important results as e a r l y  as p o s s i b l e  

i n  view of t h e  still unsolved immigration s t a t u s  of Dr. 

IC1 esnw. Considerable maintenance-work on t h e  human 

calor imetry-plant  has become n e c e s s a r y  and w i l l  require an 

in t e rmis s ion  i n  experiments on human ene rge t i c s .  

?+ T,H. B Q H W > $ ~ ~  T f f e 3  13p 

Lectures:  

15 October lS63 THE PHYSIOLOGICAL ~EGULATION OF HUMAN 
BODY TEMPEi3AWRE 
OK3 Biologica l  Sciences Workshop 
"IC, Bethesda, Maryland 

Naval Genta l  School 
" M C ,  Bethesda, Maryland 

4 November 15'63 THE SEGULATION CF HUMAN B 

ilublications: 

- Benzinger , T.H. : .'The Physiological  itegu 
Body Temperature. (Abstract) .  ONi3 S 
ACR-84 (1563) - page 2. 

- Benzinger, T.B. : ' ' A n i m a l  Calorimetry--I 
Transac t ions  of AShE, 6 : l lS  ( 1 5 G 3 )  - 



11. MOLECULA3 ENEdGETICS - 

(a) MECHANISM OF ELEblENTA'RY BIOSYNTHESIS 

Report by Lutz Xiesow, M.D., D.Sc . ,  Principal 
Investigator, Chemosynthesis-Project: 

In the report covering period July-September 

1563 the reversal of the net energy-transforming process 

in Nitrobacter winogradskyi or its particulate fractions 

was first described. The direction in which the net 

reaction 

proceeded was found to be 6ependent on the abeence or 

the presence and consumption of molecular oxygen. This 

finding was of major importance because it permitted 

during the first two weeks in October to clarify by means 

of Warburg-automanometry the stoichiometric relations 

between the oxido-reductions of the nitrate and DPN 

systems. It also permitted to clarify the stoichiometry 

of the simultaneous consumption of oxygen. 
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Nevertheless,  t h e  role  of oxygen and t h e  p e c u l i a r  

thermodynamic f e a s i b i l i t y  of t h e  DPN.H -producing re- 
2 

a c t i o n  remained obscure u n t i l  another  parallel ,  q u i t e  

d i f f e r e n t  series of experiments were completed: a n a l y s i s  

wi th  double-beam spectrophotometry revealed i n  nitrobacter 

t h e  presence of t w o  enzyme s y s t e m s  of t h e  cytochrome- 

type,  Cyt. I and Cyt. 11, w i t h  c h a r a c t e r i s t i c  wave- 

l e n g t h s  of m a x i m a l  absorp t ion  

c y t .  I: x1 = 588 mp, = 434 mcr 
L 

Cyt. 11: a1 = 550 mp, ' 2  = 413 mp 

(designated FeT++ or Fe++ i n  equat ion ( 2 ) ) .  

v e r s i b l e  oxido-reductions of these t w o  enzymes w e r e  

found t o  be  coupled with t h e  oxido-reductions of both,  

t h e  n i t r a t e -  and. DPN-systems. Depending on t h e  d i r e c t i o n  

i n  which t h e  t ransformat ions  of t h e  n i t r a t e -  and DPN- 

s y s t e m s  and oxygen consumption proceeded, t h e  co- fac tors  

of t h e  enzymes were observed t o  be reduced or oxidized. 

The combined experimental  r e s u l t s  are descr ibed  and ex- 

p l a ined  w i t h  t h e  fol lowing t h r e e  formulations:  

The re- 
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I t  is submitted for discussion, t h a t  t h e  ope ra t ion  

of two b a s i c  func t ions  of l i f e ,  elementary b iosyn thes i s  

and c e l l - r e s p i r a t i o n ,  by one system of enzymes would 

r ep resen t  a mechanism of ex t raord inary  s i m p l i c i t y  and ef- 

f i c i ency .  I t  is submitted,  t h a t  t h e  mechanism described 

above may help  i n  expla in ing  c e r t a i n  a s p e c t s  of t h e  

o r i g i n  of l i f e ,  and permit c e r t a i n  specu la t ions  concerning 

l i f e  on o the r  p lane ts .  

I t  is submitted as a working hypothes is  that  any of t h e  

inorganic  chemical s u b s t r a t e s  of au to t roph ic ,  chemosynthetic 

l i f e ,  (I$, S=, "€I:, Fe++),  may be subs t i t u t ed  f o r  NO;, t o  

d r i v e  a similar process  of elementary b iosynthes is .  I t  is 

submitted,  also as a working hypothesis ,  t h a t  photosynthesis  

may u t i l i z e  t h e  same mechanism, with e l e c t r o n s  mobilized by 

means of electro-magnetic energy on chlorophyl l .  Pyridine-  

nuc leo t ides  and cytochromes, t h e  p r i n c i p a l  i ng red ien t s ,  are 

known t o  occur i n  photosynthet ic  organisms. 

I t  remains t o  be shown with continuous s t u d i e s  on  chemo- 

s y n t h e s i s  under Contract  #8-38, how the  l i fe -energy ,  harnessec? 

i n  DPN.A2, is u t i l i z e d  fo r  t h e  a s s imi l a t ion  of inorganic  matter: 

F igure  4 demonstrates,  t h a t  t h e  a s s imi l a t ion  of r a d i o a c t i v e  

carbon atoms from H CO- is dependent o n  t h e  energy-transforming 

process ,  F igure  1. 
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FIGUBE 4. THE ASSIMILATION OF riaDIOACTIVE CABBON - 

1 4  
Radioactive bicarbonate ,  NaH CO w a s  added to 3 

Nit robac ter  i n  a s teady state of n i t r i t e -ox ida t ion  

(below) or i n  t h e  absence of n i t r i t e  (above). Af te r  

60 seconds t h e  cells w e r e  k i l led .  and ex t r ac t ed  with 

b o i l i n g  methanol. Compounds were separated by iono- 

phores i s  on paper. Amount of extract corresponded t o  

10 m i c r o l i t e r s  of packed cells. (Chemical i d e n t i f i c a t i o n  

of peaks w i l l  be descr ibed elsewhere). 
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XOLECULAR ENXiiGETICS (Continued) 

Lectures:  

September 11, E 6 3  

October 15, 1S63 

ChairmanshiD : 

CHEMOSYNTHESIS ANI2 ITS ;RELATION TG 
THE SPACE SCIENCES 
by Lutz  K i e s o w  
S ix th  Navy Bioas t ronaut ics  Symposium 
NMRI, Bethesda, Pdaryland 

CALOiRIjlETitY: TOOL OF ANALYTICAL 
CHEMISTiZY ANI) CEfEXICAL T€IE~MOEY~MICS 
by T.H. Benzinger 
OX3 Biologica l  Sciences Workshop 
" M C ,  Bethesda, Baarylarnd 

D r .  Benzinger acted as Chairman of Session #6 a t  t h e  

18th  Calorimetry Conference in B a r t l e s v i l l e ,  O k l a h o m a ,  

October 16-18, 1563. 

P u b l i c  a t  i o n s  : 

- Benzinger, T.B. : "Microcalorimetry: Too l  of Analy t ica l  
Chemistry and Chemical Thermodynamics" (Abs t rac t ) .  
ON3 Symposium Report AC3-84 (1S63) p. 14  

- K i e s o w ,  L. (Trans la t ion) :  "The Energy-Transforming S tep  
i n  Ni t robac ter  Chemosynthesis" - Biochem. 2. 338: 400 
(1S63) 

- 

P r i n c i p a l  I n v e s t i g a  1- or $ ,scoil. 
Xesearch Contract  #3-38 

T. H. B E N ~ X ~ G E B ,  M. 
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